The current study aimed to test the effect of Moringa oleifera extract (MOE), vitamin (Vit) C, and sodium bicarbonate (NaHCO 3 ) on heat stress (HS)-induced alterations in rabbits. Five groups of rabbits were designed as control, HS, HS + MOE, HS + Vit C, and HS + NaHCO 3 . HS groups were exposed to high temperatures, while treatments were given in drinking water for 6 weeks. Levels of blood cortisol, leptin, IFN-γ, TNF-α, and IL-10 were assayed using ELISA, while adrenaline was assayed calorimetrically. Expression of HSP70, FOXP3, T cell receptor (TCR) γ, and δ mRNA was tested using real-time (RT)-PCR, while HSP70 protein expression was tested using western blotting in liver and kidney tissues. Infiltration of regulatory T cells (Treg; CD25 + ) and NK (CD56 + ) cells were tested using immunohistochemistry (IHC). The levels of liver enzymes (ALT & AST), urea, and creatinine were assayed calorimetrically, while body weight gain (BWG) and feed conversion ratio (FCR) were calculated. The results showed increased levels of cortisol, adrenaline, leptin, IFN-γ, TNF-α, ALT, AST, urea, and creatinine but decreased IL-10 in the HS group. Increased expression of HSP70 on both mRNA and protein levels was associated with increased NK and γδ T cells versus decreased Treg cell infiltration in liver and kidney tissues of the HS group. In the same group, BWG was decreased, while FCR was increased with respect to the control group. All treatments used in this study reversed the effects of HS significantly. In conclusion, MOE, Vit C, and NaHCO 3 can be added to rabbit diets for the amelioration of HS-induced symptoms.
Introduction
In summer, rabbits are usually exposed to higher temperatures, causing heat stress. This stress affects negatively their metabolism, reproduction, and resistance to disease, leading in turn to economic losses (Marai et al. 2002) . Rabbits are highly susceptible to heat stress because they do not have sweat glands or any other means of eliminating excess body heat.
Heat stress has adverse physiological effects such as a decrease in blood glucose and thyroid hormones (T3) and an increase in adipokines, stress hormones, urea, and creatinine (Brenner et al. 1998; Marai et al. 2008; Morera et al. 2012) .
The exposure of living animals to heat stress induced HSPs synthesis in body tissues to act as molecular chaperons which assisted in protein folding, assembly or disassembly (Wu, 1995) . According to the molecular weights of HSPs, different families were identified as HSP105/110, HSP90, HSP70, HSP60, HSP40, and other small HSPs. HSP70 expression on mRNA and protein levels was found to increase in response to heat stress (Pei et al. 2012) .
While intracellular HSP70 was found to be cytoprotective against apoptosis, the released extracellular HSP70 was found to activate both innate and adaptive immunity through its interaction with TLR2/4 and CD14 receptors (Basu et al. 2000; Mansilla et al. 2014) . HSPs constitute carriers of antigens to antigen-presenting cells provoking production of proinflammatory cytokines. In addition, HSPs were found to induce maturation of NKs and dendritic cells (Joly et al. 2010 ). However, HSP70 was reported previously to downregulate the immune response because it activates IL-10-producing regulatory T cells (Wachstein et al. 2012) .
MOE, Vit C, and NaHCO 3 were found to improve oxidative stress and heat tolerance by immunomodulation (Peart et al. 2013; Bin-Meferij and El-Kott 2015; Dawood et al. 2016) . The current study aimed to investigate the effect of MOE, Vit C, and NaHCO 3 on heat stress-induced physiological and immunological changes in rabbit. Expression of HSP70 in both liver and kidney and related cellular (NK, regulatory T cell, and γδ + T cells) infiltrations were investigated.
Experimental section

Experimental animals and housing
Forty-five New Zealand white rabbits (aged 6 weeks and with an average body weight of 1.29 ± 0.064) were used as experimental animals in this investigation. Animals were kept under observation for about 10 days before the onset of the experiment to exclude any underlying infections. Rabbits were housed in galvanized metal rabbit wire cages (60 × 50 × 40 cm) arranged in a flat-deck system with similar hygienic conditions. All cages were supplied with separated feeders. Diets were offered in pellets ad libitum and fresh water was available at all times from automatic nipple drinkers. The formulation and chemical analysis of the basal diet were constructed as previously described (AlSagheer et al. 2017) . All protocols were approved by the Animal Ethics Committee within the University BBeni-Suefî n accordance with the International Guiding Principles for Biomedical Research Involving Animals, as issued by the Council for International Organizations of Medical Sciences.
Hydrothermographs TES-1361C (TES electrical electronic Corp, Taipei, Taiwan) were used to record temperature and relative humidity every 5 min. From these data, mean daily air temperature and relative humidity were calculated. Temperature-humidity index (THI) was estimated according to the previously developed equation for rabbits (Tuorkey 2016) 
where db is dry bulb temperature in degrees Celsius and RH is the relative humidity percentage/100. Calculated THI values were subsequently classified as follows: < 27.8 = absence of heat stress, 27.8-28.9 = moderate heat stress, 28.9-30.0 = severe heat stress, and > 30.0 = extremely severe heat stress.
Preparation of M. oleifera aqueous extract
Moringa leaves were obtained from The Egyptian Scientific Association of Moringa, National Research Center. The leaves were harvested, air-dried under shade until the moisture of the collected leaves reached 10%. The dry leaves were finally milled, sieved (1 mm mesh), and stored in an airtight polyethylene bags at room temperature 25°C. The aqueous extract was prepared according to (Berkovich et al. 2013 ) by mixing 1 g dried powdered leaves of M. oleifera with 10 mL boiling water for 5 min. The mixture was then filtered twice through a 2-μm pore sterile filter paper into a sterile tube. The aqueous extract stock solution (100 mg/mL) was freshly prepared for each set of experiments and stored at 4°C for up to 5 days.
Experimental design
Rabbits were randomly allocated into five groups (nine per group). The first group acted as a negative control where the rabbits were housed at a constant 23°C with 60% relative humidity. The second group acted as a heat-stressed group and was housed in temperatures that fluctuated between 28 and 39°C on a daily basis. The third, fourth, and fifth groups were heat stressed but treated daily for 6 weeks with 100, 200, and 300 mg of MOE (Tuorkey 2016 ), Vit C (Jang et al. 2014) , and NaHCO 3 (Peart et al. 2013 )/body weight in drinking water, respectively.
Growth performance
Initial body (IBW) and final body weights (FBW) were individually taken at the beginning and at the end of the experiment, respectively. BWG and FCR were calculated as previously described (Berger and Halver 1987) . Dead rabbits were weighed and the weight was included in calculating the feed conversion ratio.
Collection of blood and tissue samples
After rabbits were euthanized, 5 mL blood samples were collected into a sterile vacutainer tube and allowed to coagulate for serum preparation by centrifugation at 3500×g for 15 min, and then transferred into sterilized tubes and stored at − 20°C.
Parts of liver and kidney tissues were homogenized in PBS using Potter-Elvehjem homogenizer (Braun, Melsungen, Germany) with a loose-fitting Teflon pestle at 1000 rpm with eight up and down strokes. After filtration, the homogenate was centrifuged at 600×g for 10 min at 4°C in a Beckman TJ-6 centrifuge (Beckman Instruments; Munich, Germany). Other parts of liver and kidney tissues were fixed in 10% buffered formalin (Sigma, St. Louis, USA), dehydrated in alcohol series, and then embedded in paraffin wax for immunohistochemical analysis. Pieces of liver and kidney were kept in sterilized Eppendorf tubes at − 70°C until they were used for RNA isolation and RT-PCR analysis.
Immunohistochemistry
The protocol was performed as previously described (AbdelLatif et al. 2016) . Paraffin-embedded liver and kidney tissues were cut into 5 μm sections. The slides were then incubated in 3% H 2 O 2 for 10 min at room temperature to block the endogenous peroxidase activity. Slides were treated with 1.5% normal serum obtained from the same species in which the secondary antibody was developed for 30 min to block nonspecific staining. Subsequently, slides were incubated with monoclonal antibodies against rabbit CD25 (1:100; antibodies-online, NewYork, USA) and CD56 (1:100; Antigenix America Inc., New York, USA) for overnight at 4°C. Then, slides were treated with a biotin-conjugated secondary antibody for 10 min followed by incubation with peroxidaseconjugated streptavindin for 10 min at room temperature according to the instructions of IHC Detection Kit (Dako, Glostrup, Denmark). All the above steps were followed by washing three times in Tris buffer (pH 7.4). Immunolabeling was detected by incubation with 0.06% diaminobenzidine (Sigma) dissolved in tap water containing 0.01% H 2 O 2 for 3-5 min, followed by washing and staining with Mayer's hematoxylin. CD25
+ and CD56 + cells were counted per higher power field (HPF) using an Axioplan® microscope (Carl Zeiss, Jena, Germany).
Quantitative RT-PCR of mRNA
The protocol was performed as described (Delic et al. 2010) . Total RNA was isolated from parts of the liver and kidney using SV Total RNA Isolation system (Promega, Madison, WI, USA). Contaminating genomic DNA was digested with the DNA-free™ kit (Applied Biosystems, Darmstadt, Germany), before cDNA was synthesized using a Reverse Transcription kit (Stratagene, USA). RT-PCR was performed in a TaqMan7500 (Applied Biosystems) using the QuantiTect™ SYBR® Green PCR kit (Qiagen) according to the manufacturer's instructions. Qiagen (Hilden, Germany) delivered the primers for rabbit HSP70, FOXP3, TCR gamma and delta chains and β-actin (Table 1) . Initial incubation was done at 50°C for 2 min, followed by Taq polymerase activated at 95°C for 10 min, 1 cycle followed at 95°C for 10 min, at 60°C for 35 s, and for 30 s at 72°C. All PCR reactions yielded only a single product of the expected size as detected by melting point analysis and gel electrophoresis. Quantitative evaluation was performed with TaqMan7500 system software (Applied Biosystems). Expression of genes was normalized to that of β-actin.
ELISA
Rabbit serum cortisol, leptin, IFN-γ, TNF-α, and IL-10 were assayed using ELISA kit (MyBiosource, California, San Diego, USA). The procedures were carried out according to the instructions provided with the kits.
Assay of adrenaline
The estimation of adrenaline in rabbit serum was carried out according to the fluorometric method described (Ciarlone 1978; Ezzeldin et al. 2014 ). In brief, 3 mL of acidified Nbutanol was added to 0.3 mL of plasma. Duplicate internal standard tubes were carried in parallel with the sera samples. Sera were centrifuged at 2500×g for 5 min. Subsequently, 2.5 mL of the supernatant fluid was transferred to tubes, placed on a vortex mixer for 30 s, and the phases were separated by centrifugation at 2500×g for 5 min. The aqueous phase (1 mL) was transferred to a tube for the assay of adrenaline. Standards were prepared for adrenaline in duplicate in 0.2-N acetic acid and a total volume of 1.6 mL per tube. Acidified N-butanol (2.5 mL) and heptanes (5 mL) were added to the tube. All tubes were placed on a vortex mixer for 30 s and centrifuged at 2500×g for 5 min. The organic supernatant phase was discarded and 1 mL of the aqueous phase was transferred to a clean, dry test tube. EDTA reagent (0.2 mL) was added to all tubes (sample, standard, and reagent blank (1 mL of 0.2-N acetic acid) and mixed. Subsequently, 0.1 mL of 0.1-N iodine was added and the solution was mixed again. Two minutes later, 0.2 mL of alkaline sulfite reagent was added and mixed. The tubes were allowed to stand exactly 2 min, followed by the addition of 0.2 mL of 5-N acetic acid and mixing. All tubes were placed in a boiling water bath for 2 min, cooled under tap water, and analyzed for adrenaline fluorescence at excitation and emission wavelengths of 360 nm and emission 480 nm using spectrophotofluorometer (Hitachi, California, USA).
Biochemical analyses
Serum alanine and aspartate transaminase (ALT and AST, respectively) activities were determined (Reitman and Frankel 1957) . Creatinine levels were evaluated using the 
quantitative kinetic colorimetric method using kits obtained from Roche Diagnostics (Mannheim, Germany). Urea was determined using urea kits of Diamond Diagnostic (Hanover, Germany). Sera of nine animals were used to evaluate the above-mentioned biochemical parameters. A UV 160 spectrophotometer (Shimadzu, Kyoto, Japan) was used to measure the values of these parameters.
Western blotting
The method was carried out as previously described (AbdelLatif 2015) . The total proteins were extracted using radioimmunoprecipitation buffer containing a protease inhibitor cocktail (Sigma). The protein quantity was determined using the Bicinchoninic acid kit (Sigma). Twenty micrograms protein for detection of HSP70 was separated in SDS-10% polyacrylamide gels and transferred to nitrocellulose membranes (0.45 μm; Heidelberg; Serva Electrophoresis GmbH, Germany) by electroblotting. Membranes were washed in PBS/Tween buffer (PBS containing 0.3% Tween-20) and incubated for 1 h at room temperature (RT) in blocking buffer containing 5% non-fat milk in PBS/Tween-20, followed by washing and incubation with the anti-rabbit HSP70 (1:500; Novus Biologicals, Littleton, CO, USA) in the same buffer overnight at RT. The immunocomplexes were detected by using horseradish peroxidase-labeled goat anti-rabbit antibody (1:5000; KPL, Gaithersburg, MD, USA). After 2 h of incubation at room (RT), bands were developed by adding substrate (50 mg 3,3′-diaminobenzidine tetrahydrochloride and 100 μl H 2 O 2 in 100 mL PBS). The intensity of immunoreactive bands at molecular weight 70 kDa was quantified by densitometry using NIH-Image software (version 1.59; National Institutes of Health, Bethesda, MD).
Statistical analysis
SPSS (version 20) statistical program (SPSS Inc., Chicago, IL) was used to carry out a one-way analysis of variance (ANOVA) on our data. When significant differences by ANOVA were detected, analysis of differences between the means of the treated and control groups was performed by using Dunnett's t test.
Results
Effect of MOE, Vit C, and NaHCO 3 on HS-induced HSP70 expression
In respect to the control group, HSP70 mRNA and protein expressions were significantly (p < 0.001) increased in both liver and kidney tissues of the HS group (Fig. 1) . Treatment of heat-stressed rabbits with MOE, Vit C, and NaHCO 3 decreased significantly (p < 0.001) these expressions in comparison to the HS group and restored them to normal levels in comparison with the control group.
Effect of MOE, Vit C, and NaHCO3 on HS-induced changes in stress hormones, leptin, and cytokines HS upregulated the levels of cortisol, leptin, and adrenaline significantly (p < 0.001) in comparison with the control (Fig. 2) . Treatment of heat-stressed rabbits with MOE, Vit C, and NaHCO 3 restored both cortisol and leptin to normal levels (p < 0.001) in comparison with the control and HS groups. For adrenaline, MOE and NaHCO 3 restored its levels to normal significantly (p < 0.05). For cytokines, HS induced an increase in both IFN-γ and TNF-α but a decrease in IL-10 (p < 0.001) versus the control group. In contrast, all treatments restored the levels of IFN-γ and TNF-α (p < 0.001) and IL-10 (p < 0.01 for MOE and Vit C and p < 0.001 for NaHCO 3 ) to normal versus the HS and control groups.
Effect of MOE, Vit C, and NaHCO3 on HS-induced decrease in infiltration of Treg cells
In comparison to the control group, FOXP3 mRNA expression and infiltrated Treg (CD25 + ) cells were decreased (p < 0.001) in the HS group (Fig. 3) . FOXP3 expression was increased in both the liver (p < 0.05) and kidney (p < 0.001) with treatments in respect to the HS group. Similarly, infiltration of CD25 + T cells was significantly increased in the liver (p < 0.001) and kidney (p < 0.05) after treatments. Both RT-PCR and IHC confirmed a HS-induced decrease of Treg cells in liver and kidney tissues and their reversed increase after treatments.
Effect of MOE, Vit C, and NaHCO3 on HS-induced increase in infiltration of NK cells
In liver and kidney tissues, the infiltration of CD56 + cells was increased in the HS versus the control group (Fig. 4) . Particularly in the liver, the decreased infiltration was highly significant (p < 0.001), while the infiltration in kidney decreased less significantly (p < 0.05) after treatment with MOE, Vit C, or NaHCO 3 in comparison to the HS group. Such treatments could restore the infiltrated NK cells into normal levels.
Effect of MOE, Vit C, and NaHCO3 on HS-induced increase in infiltration of γδ T cells
In liver and kidney tissues, TCR γ and δ mRNA expressions (γδ T cell infiltration) increased (p < 0.001) in HS versus control group (Fig. 5) . Expression of γ mRNA decreased significantly (p < 0.05) in the liver after both Vit C and NaHCO 3 treatments but did not show changes in kidney (p > 0.05). However, expression of δ mRNA decreased significantly (p < 0.01) in the kidney after all treatments but did not show changes in the liver (p > 0.05). Generally, decreased γ and δ in liver and kidney tissues were indicators for less γδ T cell infiltration after treatments with respect to the HS group.
Effect of MOE, Vit C, and NaHCO3 on HS-induced liver and kidney dysfunctions
Tests of liver enzymes (ALT and AST) and kidney functions (urea and creatinine) showed increased (p < 0.001) levels in the HS versus the control group (Fig. 6 ). All treatments Fig. 2 Effect of MOE, Vit C, and NaHCO 3 on HS-induced changes in the blood levels of stress hormones (cortisol and adrenaline), leptin, and cytokines (IFN-γ, TNF-α, and IL-10). HS upregulated the production of stress hormones, leptin, IFN-γ, and TNF-α but downregulated IL-10 (p < 0.001). MOE, Vit C, and NaHCO 3 reversed the levels of stress hormones, leptin, and cytokines to normal in comparison to both control and HS groups. # represents the degree of significance between HS and control, while * represents the difference between treatments and HS group Fig. 1 Effect of MOE, Vit C, and NaHCO 3 on HS-induced mRNA (a; n = 9) and protein expressions of HSP70 in both of liver (c) and kidney (d) tissues. The band intensities in western blotting were also represented (b; n = 9). HS increased (p < 0.001) the expression of mRNA and protein in both tissues versus control group, while MOE, Vit C, and NaHCO 3 decreased (p < 0.001) the expression of HSP70 on both mRNA and protein levels versus HS group. # & + represent the degree of significance between the liver and kidney in HS group, respectively, and control, while * &^represent the difference between treatments in the liver and kidney, respectively, with HS group Fig. 3 Effect of MOE, Vit C, and NaHCO 3 on HS-induced infiltration of Treg cells in both of liver and kidney tissues. The figure shows mRNA expression (n = 9; mean ± SE) of FOXP3 (c) as well as the images of CD25 + cells in liver (a) and kidney (b) tissues. It shows also the mean count of stained cells ± SE/HPF (d). HS decreased (p < 0.001) the infiltration of Treg cells in both tissues in comparison to control, while treatments showed an increase in liver and kidney tissues versus HS group. The black arrow heads denote to the stained cells. # & + represent the degree of significance between liver and kidney HS, respectively, and control, while * &^represent the difference between treatments in the liver and kidney, respectively, with HS group Fig. 4 Effect of MOE, Vit C, and NaHCO 3 on HS-induced infiltration of NK cells in both of liver and kidney tissues. The figure shows the images of CD56 + cells in liver (a) and kidney (b) tissues. It shows also the mean count of stained cells ± SE/HPF (c). HS increased (p < 0.001) the infiltration of NK cells in both tissues in comparison to control, while treatments showed a decrease in liver and kidney tissues (p < 0.001 and p < 0.05, respectively) versus HS group. The black arrow heads denote to the stained cells. # & + represent the degree of significance between liver and kidney HS, respectively, and control, while * &^represent the difference between treatments in the liver and kidney, respectively, with HS group reduced levels almost to normal versus the control and HS groups. Thus, MOE, Vit C, and NaHCO 3 could reverse both liver and kidney dysfunctions caused by heat stress in rabbits.
Effect of MOE, Vit C, and NaHCO3 on HS-induced alterations in growth performance HS caused alterations in the growth performance of rabbits because the calculated FBW and hence BWG were decreased (p < 0.05 and p < 0.001, respectively) in comparison to the control group (Table 2) . Moreover, the calculated FCR revealed a highly significant increase (p < 0.001). Treatment with NaHCO 3 showed a significant increase (p < 0.05) in BWG, while all treatments showed highly significant improvement (p < 0.001) in the FCR versus the HS group.
Discussion
HSP70 is involved in cellular repair and protective mechanisms against stresses including hyperthermia (Mosser et al. 2000) . It is stress-inducible at both mRNA and protein levels (Chen et al. 1996) . Similarly, in the current study, HS induced its expression at both mRNA and protein levels in liver and kidney tissues. The liver and kidney showed the greatest expression of HSP70 after rabbit hyperthermia (Manzerra et al. 1997) . Giving doses of MOE, Vit C, and NaHCO 3 to HS rabbits reduced HSP70 expression on both levels indicating the sensitivity of the latter protein to attenuated cellular stress. It indicated also the great role of HSP70 in thermal tolerance (Liu et al. 2017 ). M. oleifera gold nanoparticles were found to Fig. 6 Effect of MOE, Vit C, and NaHCO 3 on HS-induced liver and kidney dysfunctions. HS induced (p < 0.001) the release of liver enzymes (ALT& AST), urea, and creatinine in the blood in comparison to the control group. Treatments reversed their levels to normal in comparison to both HS and control groups. The data are represented by mean ± SE (n = 9). # represents the degree of significance between HS and control, while * represents the difference between treatments and HS group Fig. 5 Effect of MOE, Vit C, and NaHCO 3 on HS-induced infiltration of γδ T cells in both of liver and kidney tissues. The figure shows mRNA expression (n = 9; mean ± SE) of TCR γ and δ chains in both tissues. HS increased (p < 0.001) mRNA expression of both γ and δ in both tissues versus control group, while treatments reversed such increased expression in comparison to HS group. # & + represent the degree of significance between the expression of γ and δ in HS, respectively, and control, while * represents the difference between treatments and HS group decrease the expression of HSP70 mRNA and protein level in lung cancer cells (Tiloke et al. 2016) . In broiler chicks exposed to HS, the basal diet supplemented with Vit C reduced the expression of HSP70 in the liver (Jang et al. 2014) . Doses of NaHCO 3 given to exercising individuals attenuated the expression of monocyte HSP72 (Peart et al. 2016) . Thus, the three treatments used in this study were previously known to reduce the expression of HSP70.
Cortisol and adrenaline were previously identified as stress hormones and found to increase in HS (Mazlomi et al. 2017) . Moreover, HS was found to increase the levels of blood adipokines including leptin (Al-Dawood, 2017 ). In the current study, serum cortisol, adrenaline, and leptin increased in HS and decreased with treatments. Increased levels of stress hormones during heat stress led to increased mobilization of energy sources and adaptation of the animal to new circumstance (Ranabir and Reetu, 2011) . Treatments with MOE, Vit C, and NaHCO 3 decreased the later responses as a result of decreased levels of stress hormones. The increased level of leptin during heat stress indicated stimulated satiety signals or prevention of food intake (Schwartz et al. 2000) . It was clearly shown that all treatments could reduce leptin levels in the serum with respect to the HS group and led to an amelioration of satiety signals and to stimulation of hunger. Furthermore, it was found that HS could elevate the inflammatory responses through increased levels of TNF-α. Indeed, HS was previously known to induce inflammatory responses including the release of TNF-α combined with increased HSP70 expression (Yun et al. 2012) . Indeed, the regulation of inflammatory signals was found to be dependent on the expression of cellular HSPs (Nair et al. 2015) . Increased TNF-α was associated with increased IFN-γ and decreased IL-10 in HS. This indicated upregulated Th1 and downregulated Th2 responses. Treatments reduced levels of the cytokines to their normal values with respect to both the HS and control groups. This demonstrated the anti-inflammatory action of treatments which downregulated HSP70 and TNF-α and upregulated Th1 response. The increased levels of cortisol, adrenaline, leptin (a proinflammatory peptide), and TNF-α during heat stress constituted the interaction between nervous, endocrine, and immune systems towards increased inflammatory status, while the treatments used ameliorated such interaction (Koelsch et al. 2016) .
The decreased level of IL-10 after HS was associated with decreased infiltration of Treg cells in liver and kidney tissues. Moreover, treatments reversed the levels of IL-10 and Treg cells. This indicated the major role of Tregs in IL-10 secretion to decrease HS-induced inflammation (Teixeira et al. 2012 ). The results also showed a highly significant infiltration of CD25 + cells in the liver rather than kidney after treatments (especially NaHCO 3 ). However, FOXP3 test indicated higher significance for all treatments in the kidney than liver. In contrast to the decreased infiltration of Treg cells in HS, NK cells were increased in both the liver and kidney. Similarly, the enhanced cytotoxicity effect of NK cells against cancer was related to the exposure of cancer cells to HS (Dayanc et al. 2013) . Indeed, the upregulated expression of HSP70 was responsible for activated NK cells against neoplastic cells (Dang et al. 2014) . Like NK cells, γδ T cells were also increased in both liver and kidney tissues of the HS group. Likewise, the activation of heat-stressed tumor cell killing by γδ T cells was found to be dependent on highly expressed HSP70 (Wei et al. 1996) . All treatments showed a decrease in infiltrated γδ T cells with a more observable decrease for δ and γ expressions in the liver and kidney, respectively. Both NK and γδ T cells belong to an innate immune system (non-specific activation). The activation of these cells during heat stress could be a result of two possible pathways: (1) HSP70 could be introduced into the extracellular environment through cell necroptosis. This led to inflammation process which included the direct binding of HSP70 to antigen presenting, γδ T and NK cell receptors as well as depression of both Treg cell proliferation and anti-inflammatory cytokines like IL-10 (Multhoff 2009; Khandia et al. 2016) . (2) The cell surface heat shock cognate (HSC70) which is a member of HSP70 family was previously suggested to present the cellular peptides to NK and γδ T cells for activation of cytotoxicity (Kishi et al. 2001) . In this way, highly expressed HSP70 could be a cause of inflammation. However, administration of microbial HSP70 could lead to anti-inflammatory responses (Borges et al. 2012 ). The decreased infiltration of both NK and γδ T cells after treatments confirmed the decreased cytotoxicity of liver and kidney cells. This reduced infiltration was associated with reduced levels of produced IFN-γ confirming that NK and γδ T cells are IFN-γ-producing cells (Niu et al. 2015) . This explains the increased liver and kidney dysfunctions during HS and their recovery after treatments. Although liver and kidney injuries as a result of heat strokes to rats were previously found, overexpression of HSP70 was found to be protective. Thus, multiorgan dysfunction as a result of heat stress was evident (Niu et al. 2007; Lam et al. 2013) . The current study showed increased blood levels of liver enzymes, urea, and creatinine during HS. These levels were significantly decreased to normal after treatments indicating the protective effect of those treatments against HS-induced organ dysfunction. The exposure of rabbits to high temperatures and humidity causes losses in BWG and FCR and thus has a negative economic impact (Marai et al. 2002 ). In the current study, HS caused a highly significant reduction and increase in BWG and FCR, respectively. This was related to increased levels of blood leptin (Schwartz et al. 2000) . In contrast, the treatments (especially NaHCO 3 ) reduced leptin and improved both BWG and FCR. In addition, the best ameliorative effect of NaHCO 3 could be assigned to the acid-base balance because of increased metabolic acidosis (Voiculet et al. 2016) . Similarly, dietary supplementation with antioxidants could induce an ameliorative effect on HS-induced heath alterations in rabbits (Al-Sagheer et al. 2017 ).
In the current study, HS was found to cause negative economic effects resulting from poor rabbit health including decreased growth performance and organ (liver and kidney) dysfunctions. This was due to increased levels of stress hormones, leptin, and inflammatory responses including highly infiltrated NK and γδ T cells which play a major role in cytotoxicity. The treatments used in this study can be added to the rabbit diet for the amelioration of HS effects.
